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Abstract  

Characterization and screening of stock cultures for application in diesel degradation was undertaken. Two 

isolates from the stock cultures from University of Wolverhampton Culture Collection (UWCC) were selected 

based on their positive growth on streak plates containing hydrocarbon media and were isolated into pure culture. 

The isolates were characterized and their identities were reconfirmed by carrying out a different biochemical test. 

All the tests and the biochemical characteristics agreed with the expected results of each organism. The isolates 

consisted of two Gram-negative rods P. putida NAS 1(4), and Acinetobacter (NCIMB 110507). The results showed 

that Acinetobacter and P. putida grew better in 0.5% and 1.0% concentration of the compounds. Optimum growth 

was observed at the temperature of 20⁰C to 37⁰C and no growth was observed at 40⁰C. Also, as the concentration 

increased from 0.5% to 2.0%, the rate of growth on these compounds reduces. Pseudomonas putida NAS 1(4) had 

a better growth at 2.0 %v/v concentration of hexadecane, sodium benzoate, and diesel oil as compared to 

Acinetobacter. The minimum inhibitory concentration (MIC) for P. putida was more than 50% for all the 

compounds and the MIC for Acinetobacter NCIMB 110507 was 12.50 % for Sodium Benzoate and more than 

50% for hexadecane and diesel oil. Acinetobacter had better growth at 20⁰C having the highest optical density of 

1.77 and percentage TPH degradation of 85.2% after 144hrs of incubation, degradation was higher for 

Acinetobacter than for P. putida NAS 1(4). Acinetobacter NCIMB 110507 degraded 100% most of the light 

fraction of diesel alkane at 20⁰C (C8, C9, C10, C11, C14, C20, C22) and 64.31% for C19 while at 40⁰C, the range 

of degradation was 1.18 to 100% as demonstrated by GC-FID chromatogram analysis. For P. putida NAS 1(4), 

the range of degradation for C8-C22 at 20⁰C was 0 to 35.0% while at 40⁰C it was 0 to 21.0%. 
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Introduction  

The components of petroleum hydrocarbons include 

volatile and non-volatile aromatic compounds and 

aliphatic fractions. Diesel oil is a complex petroleum 

hydrocarbon that is obtained during crude oil 

distillation, and is made up of low molecular weight 

alkanes and polycyclic aromatic hydrocarbons 

(Kaur, et al., 2015). The hydrocarbon composition 

of diesel fuel makes it toxic to the environment and 

its widespread application in human activity makes 

diesel fuel one of the most hazardous hydrocarbon 

pollutants (Muratova, et al., 2012).  Koma et al. 

(2003), reported the percentage hydrocarbon 

fraction of diesel oil which includes saturated 

fraction (90.9%), cyclic paraffin (75.4%), normal 

paraffin (15.5%), and an aromatic fraction (9.1%). 

Owing to the significant environmental hazard 

posed by aromatic components, most of the recent 

studies have focused mainly on these components 

(Varjani, et al., 2017). However, addressing the 

removal of large quantities of aliphatic 

hydrocarbons is important to achieve remediation 

goals. Furthermore, the mid-length aliphatic 

hydrocarbons of diesel oil are less biodegradable 

due to non-polar, non-volatile, water-insoluble, and 

limited bioavailability properties (Abbasian, et al., 

2015; Stroud, et al., 2007). Recent studies have 

shown that the mid-length C18-C22 hydrocarbons of 

diesel are not readily degraded as compared to other 

aliphatic hydrocarbons (Bajagain, et al., 2018). 

 

mailto:usmanwafari@yahoo.com


 

Wafari, Usman Umar., Samuel, T. Magili and Ibok, Nsikakabasi Umoh.  ADSUJSR, 10(1): 48-61.  April, 2022 

 

49 
 

Pollution with petroleum hydrocarbons is a major 

environmental problem. The environment may 

become contaminated with these hydrocarbons 

through various routes, such as leakage from 

underground storage tanks and pipelines, accidental 

spills during transportation, drilling sites and 

improper waste disposal practices (Hawelke, et al., 

2016). The Spillage of diesel oil contaminates the 

natural environment such as air, water, and soil with 

hydrocarbons (Liu et al., 2016). This is a global 

concern that needs to be addressed, because they are 

toxic to all forms of life, mutagenic and carcinogenic 

(Cerniglia, et al., 2001). One Litre of used diesel oil 

is sufficient to pollute one million gallons of 

freshwater (United State Environmental protection 

Agency [USEPA], 1996). It also renders the 

environment unpleasant and creates a possible 

hazard to humans, animals, and vegetation 

(Adelowo, et al., 2006). 

 

The contaminations of soils by hydrocarbons disturb 

biological and particularly microbiological, 

chemical, and physical properties of soils, including 

their wettability (Klamerus-Iwan, et al., 2015; 

Rodríguez-Rodríguez, et al., 2016). The 

hydrophobic nature of hydrocarbons can modify the 

wettability of the surface of soil particles and they 

thus contribute to soil water repellence when coating 

soil particles (Roy, et al., 1999). Soil water 

repellency affects hydrological and ecological soil 

functions by decreasing water infiltration, increasing 

surface runoff and erosion, and impeding plant 

growth (Doerr, et al., 2000). Water repellency of 

soils limits their water sorptivity and results in 

uneven moisture distribution, forming preferential 

water flow in the soil profile (Hewelke et al., 2016; 

Szatyłowicz, et al., 2007). The phenomenon of soil 

hydrophobicity has long been known and intensively 

studied in naturally occurring soils (Doerr, et al., 

2000). Oil contamination strongly increases the 

hydrophobicity of the soil; it loses its ability to 

absorb and retain water, displacing the air from the 

soil pores and ultimately destroying the water and 

air regime, leading to enhanced surface runoff, 

erosion, and reduced soil moisture (Marín-García, et 

al., 2016). 

 

Bioremediation is a new technique for the 

elimination and degradation of several 

environmental contaminants including engine oil 

(Medina–Bellver, et al., 2005). This can be 

accomplished by using capable microbes. 

Bioremediation is defined as the use of the 

biological potentials of microorganism and their 

processes to eliminate or reduce the concentration of 

environmental pollutants on material to levels that 

are regarded safe by the regulatory bodies of that 

country (Liu, et al., 2016; Medjor, et al., 2015). 

 

Until now, a range of approaches has been 

established to treat diesel oil pollution. While many 

of the conventional physical and chemical methods 

are efficient, they are also costly and can cause 

recontamination via secondary contaminants (Hong, 

et al., 2005). Remediation of oil spill-affected areas 

by the use of microorganisms is cheaper for 

restoring the ecosystem for ensuring clean 

groundwater supplies. Several studies have 

described microorganisms with better oil-degrading 

capabilities isolated from normal habitats that were 

previously contaminated with oil (Hess, et al., 

1997).  

 

Bioremediation employs microorganisms to remove 

hydrocarbon contaminants (Tyagi, et al., 2011). The 

indigenous microbial population plays an important 

role in biodegradation, but their performance usually 

declines when the concentration of pollutants is high 

(Imron, et al., 2020; Serrano, et al., 2008). 

Therefore, engineered remediation ways such as 

biostimulation (use of nutrients) (Xu, et al., 2022), 

bioaugmentation (use of exogenous microbes) 

(Guarino, et al., 2017), and intrinsic bioremediation 

(use of indigenous microorganisms) (Oyewole, et 

al., 2022) are sometimes used to meet the 

remediation time or goal. The species of 

Acinetobacter spp K-6 (Chaudhary, et al., 2020), 

Arthrobacter spp from Antarctica (Abdulrasheed, et 

al., 2020), Pseudomonas spp (Baig, et al., 2021), 

Bacillus spp (Rache-Arce, et al., 2022) and 

Rhodococcus spp (Varjani, 2017), has been widely 

applied for the degradation of hydrocarbons. There 

is existing research interest in the effectiveness of 

bioaugmentation and its capacity to enhance 

petroleum hydrocarbons biodegradation (Jiang, et 

al., 2016; Tao, et al., 2019). Therefore, the isolation 

and selection of bacterial strains with strong 

degradation ability and survival in a wide range of 

environmental conditions can be a key step in 

implementing the bioremediation of petroleum 

hydrocarbons. 

 

The study aimed to determine the biodegradation 

efficiency of diesel oil using Acinetobacter NCIMB 
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110507 and Pseudomonas putida NAS 1(4) at 

different temperatures and concentrations. The 

biodegradation of diesel oil was monitored using 

gravimetric and gas chromatographic analysis 

coupled with a flame ionization detector to ascertain 

how the carbon fractions change after the 

biodegradation. 

 

Materials and Methods  

Chromatographic grade standard n- alkane (C8 – 

C28), tryptic soy agar (TSA), tryptic soy broth (TSB), 

ringers tablet, Kovac’s reagent, Bushnell and Haas 

mineral salts reagents, H2O2. All chemicals/reagents 

were procured from Sigma (Aldrich, UK) unless 

otherwise indicated. The diesel fuel utilized in this 

researched was acquired from a local filling station 

in Wolverhampton, United Kingdom, and was 

stored in a tightly closed plastic container and 

sterilized by filtering through a Millipore 0.22μM 

pore size membrane filter.  

 

Culture Media Preparation  

Preparation of Bushnell and Haas Medium  

The Bushnell and Haas mineral salt medium was 

prepared by using the recipe of Bushnell and Haas 

(1940). To prepare one thousand milliliters (1000 

mL) of Bushnell and Haas medium (BHM), the 

following chemicals (KH2PO4, 1.0g; K2HPO4, 1.0g; 

NH4NO3, 1.0g; MgSO4.7H2O, 0.2g; FeCl3, 0.05g; 

CaCl2.2H2O, 0.02g; and Agar 20g) were weighed 

separately into a 250 mL beaker and 100 mL of 

distilled water was added, the solution was mixed by 

a magnetic stirrer to ensure dissolution. The same 

method was used for the chemicals. After 

homogenization, the mixture was transferred into a 

1000 mL volumetric flask using a thistle funnel, and 

more distilled water was added to make 1000 mL. 

The pH was adjusted to 7.0 ± 0.2 and was distributed 

into the required volume in a 250 mL conical flask, 

stoppered and wrapped with aluminium foil, then 

autoclaved at 121⁰C for 15 minutes at 15lbsq/inch 

pressure.  

 

Bushnell and Haas agar (BHA) medium was 

prepared by weighing 4g of agar into a 300 mL 

medical flask, 200 mL of BHM was added into the 

medical flask and was swirled to mix. The media 

was autoclaved at 121⁰C for 15 minutes and was 

kept at 50⁰C incubator until required. 

 

Preparation of (TSA) and (TSB)  

Tryptic soy agar was prepared (TSA) was prepared 

by weighing 40g/L or 8g of the TSA powder into a 

medical flask, 200 mL of distilled water was added 

to it and was mixed properly and autoclaved at 

121⁰C for 15 minutes. After sterilization, it was kept 

at a 50⁰C incubator to cool to 50⁰C after which a 20 

mL aliquot of the molten media was poured 

aseptically into sterile Petri dishes and allowed to 

solidify. It was then preserved in the refrigerator 

until it is needed.  

 

To make 200 mL TSB broth, 6 g of TSB powder was 

weighed into a 300 mL medical flask, 200ml of 

distilled was added to it and mixed properly before 

it was autoclaved. After sterilization, it was 

preserved at room temperature until needed.  

 

Preparation Hexadecane Agar  

To prepare 0.5%, 1%, and 2% hexadecane, Mixed 

BHM (20 mL) was poured into a 50 mL Erlenmeyer 

flask covered and wrapped around with an 

aluminium foil paper while the remaining mixture 

containing agar (180 mL) was autoclaved in the 

medical bottle. All were autoclaved at 121oC for 15 

minutes, 1.0 mL of membrane filtered (0.45μm) 

hexadecane was aseptically poured into the beaker 

containing 20 mL sterile BHM.  

 

The beaker was then held in place in the chamber of 

a sonicator (Bandelin Sonoplus, Model 2200) by a 

holding cable and lever on the clamp stand. The flat-

tip (VS70T) of the sonicator probe was carefully 

scrubbed using ethanol before being introduced to a 

depth of about 1 cm of the mixture. The sonicator 

was then continuously run for 2 minutes. This was 

repeated twice to create an emulsion. The 

homogenized mixture of sterile BHM with 

hexadecane were then aseptically poured into the 

autoclaved BH agar in the medical bottle and 

thoroughly mixed.  

The molten mixture was then aseptically poured into 

sterile Petri dishes and left to harden. This procedure 

was repeated for 1% and 2% hexadecane. To prepare 

TSA containing 0.5%, 1.0%, and 2.0% hexadecane, 

the same method used for the preparation of 

hexadecane was adopted except that 20 mL BHM 

and 180 mL BHA was substituted with 20 mL TSB 

broth and 180 mL TSA. 

 

 

 

Preparation of Diesel Fuel Agar  
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The same procedures described in the preparation of 

hexadecane was used for the preparation of BHA 

containing 0.5%, 1.0%, and 2.0% diesel fuel, to 

Prepare TSA containing 0.5%, 1%, and 2% diesel 

fuel. The same method used in the preparation of 

hexadecane was repeated except that 20 mL BHM 

and 180 mL BHA was replaced with 20 mL TSB 

broth and 180 mL TSA. 

Isolation and Characterization of the Bacterial 

Cultures  

Preparation of Bacterial Culture from University 

of Wolverhampton Culture Collection (UWCC)  

The freeze-dried ampoules of bacteria isolates from 

UWCC were cultured on tryptic soy agar (TSA) 

plate. These were incubated at 37⁰C for 24 - 48hrs, 

isolated bacteria colonies were subsequently 

transferred into fresh plates of TSA, and stored in 

the refrigerator at 4⁰C for further procedure. 

 

Characterization of Bacterial Isolates  

The following tests described were used to confirm 

the identity of the screened and selected bacteria for 

hydrocarbon degradation.  

 

Motility Test  

A hanging drop preparation described by Tiwari et 

al. (2009) was used to determine the bacteria 

motility. One drop of bacteria culture is placed onto 

a clean scratch-free glass slide. Then a clean 

coverslip was carefully placed over the drop 

avoiding bubbles formation. The slide was 

examined first under x10 magnification followed by 

x40 and x100 magnifications and motility 

determined by observation.  

 

Oxidase Test  

The cells of bacteria were smeared across the surface 

of the Kovac’s reagent impregnated filter paper with 

the aid of a glass rod and instant development of a 

dark purple colour showed a positive reaction 

(Standards Unit, Evaluations, and Standards 

Laboratory [SUESL], UK. 2007). 

 

Catalase Test  

One drop of 3% H2O2 (Sigma) was placed on a slide 

then a loop full of bacteria was introduced, an 

immediate effervescence indicated a positive result.  

 

Screening Bacterial Isolates for Hydrocarbon 

Degradability  

The bacteria isolated from UWCC were screened for 

hydrocarbon (diesel fuel, hexadecane, and sodium 

benzoate) degradation at temperatures range of 

25⁰C-40⁰C of hydrocarbon concentrations of 0.5%, 

1.0%, and 2.0%. These were carried out via 

culturing of the bacterial isolates on BHM and TSA 

plates containing hydrocarbon. The plates were 

incubated in the incubators at an average 

temperature of 25 ± 1⁰C, 30 ± 1⁰C, 37 ± 1⁰C, and 40 

± 1⁰C for a period up to 7 days. 

Minimum Inhibitory Concentration (MIC) Test  

The minimum inhibitory concentration of diesel fuel 

was determined for both the isolates using the 

method described by Wiegand et al. (2008). 

Doubling dilution (½ to 1/1056) of the diesel was 

diluted in a 96 microtiter plate using 150 μL of TSB 

and 150 μL of the diesel. Twenty microliters (20 μL) 

suspension of the test organism was added 

aseptically to the test wells and the positive control 

wells, no cells were added to the negative control 

wells and it was incubated at 37⁰C for 24hrs. The 

optical density was measured using GEN 5 EL800 

microtiter plate reader at 593nm.  

 

Biodegradation of Diesel in Liquid Culture  

Preparation of Standard Inoculum  

The individual bacterium was cultured in BHM 

supplemented with 1% diesel for 18 h at 30°C in an 

orbit shaker at 150 rpm. Bacteria cells was harvested 

by centrifugation, rinsed three times in sterile ringers 

solution before being re-suspended in 5 mL sterile 

liquid Bushnell and Haas medium (BM) to yield an 

absorbance reading of 0.5 at 600 nm. 

 

Biodegradation of Diesel in Shake Flask  

The biodegradation of diesel in shake flasks was 

employed according to the method of Das and 

Mukherjee (2007). 100 mL of sterile BHM 

supplemented with 1% sterile diesel fuel in 250 mL 

Erlenmeyer flask was inoculated. 1 mL of the 

standard inoculum of each organism was inoculated 

and incubated at 20⁰C and 40⁰C for 7 days. 

Biodegradation was monitored by measuring the 

optical density at 600nm. 

 

Extraction and Analysis of Diesel fuel by 

Gravimetric and GC  

After the incubation period described in the shake 

flask, the supernatant phase was separated using a 

separating funnel after centrifuging the culture broth 

at 5,000 rpm for 20 minutes. The remaining diesel 

fuel was extracted by adding 20 mL of hexane and 

shaking thoroughly according to the method 

described by Mendri and Lin (2007). The extracted 
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phase was then collected in a beaker of known 

weight and the weight difference was noted after 

evaporating the solvent. The amount of residual oil 

was calculated from the weight difference. The 

percentage of oil degraded was calculated as follows 

(Bhattacharya & Biswas., 2014).  

 

% of oil degraded = [(Wt. of test oil sample) – (Wt. 

of residual oil sample)]/ (Wt. of test oil sample) × 

100  

 

Gas Chromatographic Analysis 

Biodegradation of diesel fuel was monitored by 

quantitative gas chromatography according to the 

method described by Michaud, et al. (2004). Hexane 

extracts of the remaining diesel oil sample (1 μL) 

was injected for analysis into TRACE 1300 series 

gas chromatographs Thermo Scientific equipped 

with a SE 54 capillary column (15m x 0.32mm i.d, 

0.45μ film thickness) and flame ionization detector 

(FID). Helium gas was used as a carrier gas (1 bar). 

The oven was programmed as follows: 50⁰C (5 

minutes) then increase to 280⁰C at the rate of 10⁰C 

/minutes, then isothermal for 10 minutes; injector 

and detector temperature was both maintained at 

280⁰C. 

 

Results and Discussion 

Characterization of Stock Culture from University 

of Wolverhampton culture collection (UWCC) 

Characterization and screening of stock cultures for 

application in diesel degradation was undertaken. 

Two isolates from the stock cultures from UWCC 

were selected based on their positive growth on 

streak plates containing hydrocarbon media and 

were isolated into pure culture. The isolates were 

characterized and their identities were reconfirmed 

by carrying out the different biochemical tests 

according to Bergey’s manual of determinative 

bacteriology, 9th edition (Holt & Krieg., 1994). All 

the tests and the biochemical characteristics agreed 

with the expected results of each organism. The 

isolates consisted of two Gram-negative rods (Ps. 

putida, and Acinetobacter) all were catalase-

positive, motile, and oxidase-positive except 

Acinetobacter which is oxidase negative as depicted 

in Table 1. 

 

Table1: Morphological, Biochemical and characterization of Acinetobacter and Pseudomonas Putida (+) 

positive, (-) negative  

Characteristics Acinetobacter 

NCIMB 110507 

Pseudomonas putida NAS 

1(4) 

Gram staining reaction - - 

Morphology Rods Rods 

Growth temperature range (ºC) 10-42 10-45 

Motility + + 

Catalase/Oxidase  +/- +/- 

 

Screening Bacteria for Application in Diesel 

Degradation 

The results for the screening of the two organisms 

for hydrocarbon degradability on solid media at 

different concentrations of hydrocarbon (0.5, 1.0, 

and 2.0) percent diesel oil, hexadecane, and sodium 

benzoate are presented in Table 2: A, B, and C 

respectively.  

 

The results showed that Acinetobacter and P. putida 

grew better in 0.5% and 1.0% concentration of the 

compounds, optimum growth were observed at the 

temperature of 25⁰C to 37⁰C and no growth was 

observed at 40⁰C, Table 2: (A and B). As the 

concentration increases, (Table 2. C), the growth of 

the organisms reduces, this might be due to the 

inhibitory effects of the compounds at high 

concentrations. The growth of these isolates on 

different concentrations of the hydrocarbon showed 

that concentrations affected the growth. Thus, as the 

concentration increased from 0.5% to 2.0% the rate 

of growth on these compounds reduces (Table 2). 

Koolivand et al. (2022) reported that petroleum 

degrading bacteria grew well at 1%-3% level of 

crude oil in BHM. However, higher concentration of 

(4 to 5%) resulted in reduced growth of the 

organisms since high amounts of the petroleum 

hydrocarbons may be toxic to the organisms. Several 

studies show that the, extend and direction of the 

effects of multiple substrates like diesel oil on 

biodegradation kinetics depend on the chemical 

concentration (Dasai, et al., 2008; Knightes, & 

Peters., 2006; Stringfellow, & Aitken., 1995). At 
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high concentrations, most chemical can be toxic and 

inhibit metabolic processes. 

 

 

 

Table 2: Screening of Acinetobacter NCIMB 110507 and Pseudomonas putida NAS 1(4) for hydrocarbon 

degradation at varying temperatures and concentrations of the compounds (A) 0.5%, (B) 1 %, an (C) 2%  

(Concentration) 25⁰C 30⁰C 37⁰C 40⁰C  

Bacteria TSA HD SB DO TSA HD SB DO TSA HD SB DO TSA HD SB DO 

A (0.5%) 

Acinetobacter  

 

++ 

 

+ 

 

+ 

 

+ 

 

+++ 

 

++ 

 

++ 

 

+ 

 

++ 

 

+ 

 

+ 

 

+ 

 

+ 

 

- 

 

- 

 

- 

P. putida  ++ + + + +++ ++ ++ + ++ + + + + - - - 

B (1.0%)      

Acinetobacter  ++ + + + +++ ++ ++ ++ ++ + + + + - - - 

P. putida  ++ + + + +++ ++ ++ ++ ++ + + + + - - - 

C (2.0%)      

Acinetobacter  ++ + + +/- +++ + + + ++ + + + + - - - 

P. putida  ++ + + + +++ ++ ++ ++ ++ + + + ++ - - - 

Note: (+++) growth in clusters, (++) heavy growth, (+) positive growth, (+/-) light growth and (-) no growth, TSA (Tryptone 

soya agar), HD (hexadecane) SB (sodium benzoate) DO (Diesel oil), Media was incubated for a period of 48 h (for the TSA) 

and 144 h (for HD, DO, SB) 

 

Shukor et al. (2009) reported that degradation is 

generally poor at concentrations higher than 1.5%. 

v/v. Only Pseudomonas putida had a better growth 

at 2.0 %v/v concentration of hexadecane, sodium 

benzoate, and diesel oil, this might be due to the 

presence of hydrocarbon degradation genes such as 

alkane degradation genes (Gpol and AlkB), aromatic 

hydrocarbon degradation gene (XylE), and 

polyaromatic hydrocarbon degradation gene (ndoB), 

(Margesin, et al., 2003). Weak growth was observed 

for both organisms at a high concentration of 2.0% 

and high temperature of 40⁰C (Table 2. C), possibly 

due to poor enzymes activities (Merino & Bucala. 

2007), slow metabolism (Dasai, et al., 2008; 

Koolivand, et al., 2022; Knightes, & Peters., 2006; 

Stringfellow & Aitken. 1995), or different pathways 

(Das & Chandra, 2011). The growth of these 

organisms was evaluated at a range of temperatures 

from 20⁰C to 40⁰C (Figure 1), and it was found that 

the temperature effected the growth and metabolism 

of bacteria. The optimum temperature for all the 

selected bacteria was 30⁰C. The temperature optima 

for bioremediation according to Si-Zhong et al. 

(2009) are usually 15-30⁰C for aerobic process and 

25-35⁰C for the anaerobic process.  

 

The rate of biochemical reaction in cells increases 

with an increase in temperature up to a maximum 

above which the enzyme’s activities cease to 

function due to protein denaturation Trasar-Cepeda, 

et al., (2007), Abid et al. (2007) and Kuntz et al. 

(2008) reported that temperature affects bacterial 

metabolism, growth rate, and the physicochemical 

characteristics of the hydrocarbon, most organisms 

grow best at mesophilic temperature of 20⁰C to 

40⁰C (Figure1). 
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Figure 1: Growth absorbance at 600nm for Acinetobacter and P. putida with time at 20⁰C and 40⁰C in shake 

flask containing 1% diesel in BHM  

Another effect of temperature was demonstrated by 

Munna et al. (2015) who reported that the cells of 

Ps. putida grow vigorously at 30⁰C while growth 

was found to decline at a lower temperature of 27⁰C 

and above 33⁰C which might be due to enzymes 

inactivation. However, the changes in morphology 

were inconsequential, but at 40⁰C, the cells were 

completely lost their ability to grow after 48hrs. The 

result in Figure 1 indicated that Acinetobacter and P. 

putida grew better at 20⁰C as compared to their 

growth at 40⁰C. This might be due to their optimum 

growth temperature which is between 20⁰C to 30⁰C 

and it might also be the reason why they grew poorly 

at 40⁰C.  

 

The MIC for different hydrocarbon compounds was 

determined in Figure 2. The MIC for P. putida was 

more than 50% for all the compounds in Figure 2A 

and the MIC for Acinetobacter was 12.50 % for 

Sodium Benzoate and more than 50% for 

hexadecane and  

diesel oil in Figure 2B. 

  

 

 

Figure 2: Minimum Inhibitory Concentration (MIC) of Sodium Benzoate, Hexadecane and Diesel Oil for (A) 

Pseudomonas putida and (B) Acinetobacter at Different Concentration (v/v) Growing in TSB at 37⁰C for 24HRS. 
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The toxicity of diesel depends on its composition. N-

alkanes of intermediate chain length of (C10-C24) 

are degraded most rapidly, short chain alkanes (<C9) 

are toxic to many microorganisms, because their 

water solubility results in increased uptake of the 

alkanes. High chain length alkanes are generally 

resistant to biodegradation. Branching in alkanes 

generally reduces the rate of biodegradation (Berthe-

Corti & Fetzner., 2002). Biologically active 

substance in terms of toxicity and bioaccumulation 

have Log Octanol/Water partition Coefficient 

(KOW) values from 2 to 6 (Trapp, et al., 2001). 

Most hydrocarbon compounds fall within this range. 

Log KOW for n-hexane, n-decane and diesel are 

2.91, 5.58 and > 3.3 respectively. Compounds with 

LOG POW value between these ranges are very 

toxic for microorganisms (De Smet et al. 1978; 

Osborne et al., 1990), those with lower LOG POW 

values are considered more toxic than those with 

higher LOG POW values (Inoue & Horikoshi., 

1989). Compounds with LOG POW below 1 is too 

low to allow compounds to cross the membrane and 

above 6 is very poorly water-soluble and, as it is not 

bioavailable, it cannot cause any toxic effect 

(Heipieper, et al., 1996). 

 

The growth of the isolates in a shake flask 

supplemented with 1% diesel oil as sole carbon and 

energy sources at 20⁰C and 40⁰C was carried out for 

seven as shown in days Figure 3. Acinetobacter had 

better growth at 20⁰C having the highest optical 

density and percentage TPH degradation after 

144hrs of incubation, this trend was also observed at 

40⁰C. Furthermore, this pattern of growth and extent 

of degradation was similar at 40⁰C but at a lower 

rate, possibly due to the lag phase being prolonged 

(Scharzenbach, et al., 2005) and the activities of the 

enzymes being slowed down. Ludzack and Kinkead 

(1956) reported that temperature affects the rate of 

hydrocarbon degradation as consequences of 

enzymes inhibition, membrane toxicity and slow 

down of general metabolic activity. Acinetobacter 

was able to degrade 85.2% TPH after seven days’ 

incubation at 20⁰C (Figure 3B).                                                                                            

 

Nkem et al. (2016) also reported that Acinetobacter 

was able to degrade 58.1% TPH of diesel in 10 days 

at 32⁰C. These differences may be attributed to the 

effects of temperature differences or enzymes 

activities or the dissolved oxygen and nutrients were 

depleted which may affect the rate of degradation. In 

this present study, the growth of Acinetobacter 

continued to grow exponentially up to 144hrs; it 

could be possible that the rate of growth and 

degradation would have increased with time. P. 

putida had better growth and degradation at 20⁰C, 

the growth increased exponentially throughout the 

incubation period while at 40⁰C the growth reached 

an exponential stage after 24hrs and start to decline. 

This could be explained by the fact that optimum 

temperature for growth of P. putida is between 20–

30⁰C as reported by Munna et al. (2015) this could 

affect the activities of the enzymes, rate of growth as 

well the rate of degradation will also be affected 

outside this range. In this study, it was shown that P. 

putida was able to degrade 58.0% TPH within seven 

days of incubation at 20⁰C (Figure 3B). A similar 

study by Vinothini et al. (2015) showed that P. 

putida was able to degrade 65% TPH diesel within 

seven days. 
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Figure 3: (A) individual n-alkane degradation and (B) Percentage total petroleum hydrocarbon (TPH) degradation 

of diesel oil in shake flask incubated at 20⁰C and 40⁰C for seven days by Acinetobacter NCIMB 110507 and 

Pseudomonas putida NAS 1(4). 

 

Biodegradation of diesel was evaluated after 7 days 

of incubation at 20⁰Cand 40⁰C in shake flask. The 

result reveals that the degradation was higher for 

Acinetobacter than for P. putida. Acinetobacter 

degraded 100% most of the light fraction of diesel 

alkane at 20⁰C (C8, C9, C10, C11, C14, C20, C22) 

and 64.31% for C19 while at 40⁰C, the range of 

degradation was 1.18 to 100% as shown in Figure 

3A and demonstrated by GC-FID chromatogram 

analysis in Figure 4D. For P. putida, the range of 

degradation for C8-C22 at 20⁰C was 0 to 35.0% 

while at 40⁰C it was 0 to 21.0% as shown in Figures 

3A and 4C. 
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Figure 4: Chromatogram of (A) hydrocarbon standard; (B) diesel oil at T = 0; (C) degradation by Pseudomonas 

putida NAS 1(4); and (D) degradation by Acinetobacter NCIMB 110507. 

 

Many researchers have reported that the extent to 

which diesel oil hydrocarbons are removed is 

connected closely to their molecular composition. 

Microorganisms preferentially degrade alkanes due 

to their simple structure compared to other forms of 

hydrocarbon (Verma, et al., 2006).   

 

High solubility and bioavailability of short-chain 

alkanes to bacterial cell membranes which is toxic 

may be the reason for its incomplete degradation 

while incomplete degradation of long-chain alkane 

may be due to its membrane’s low solubility, low 

bioavailability, and membrane toxicity to bacterial 

cells (Nkem et al. 2016). Variability in chain length 

and structure of hydrocarbon which requires 

different degradative enzymes and pathways 

explains why incomplete degradation is occurring 

(Das & Chandran. 2010). 

 

The characteristics of mixed culture consisting of 

different types of bacteria with different enzymes 

derivatives will also affect the rate of biodegradation 

and the nutrient in the medium (Chemlal, et al. 

2013). Excluding the loss due to abiotic depletion 

(C8 - C10) as indicated by the control, the rate of 

biodegradation of some lower diesel alkanes (C11-

C13) was higher than the one of (C14-C21). This 

demonstrated that lower alkanes were first degraded 

and assimilated which led to an increase in 

degradation of higher alkanes. This may increase 

their growth rate and subsequent production of more 

hydrolyzing enzymes. Izquierdo et al. (2015) 

reported that the presence of lower alkanes in a 

mixture of hydrocarbon had a synergistic effect on 

the removal of polyaromatic hydrocarbon, 

increasing their rate of degradation by 73% and 59% 
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with and without alkane respectively. Degradation 

of branched or complex diesel oil fraction may 

produce toxic biodegradation intermediate that can 

inhibit the growth of diesel degrading organism 

which reduces further degradation (Frankenberger. 

1992). As a result of this, more fractions from (C14-

C21) had the lowest degradation, and C22 and C23 

had the highest degradation rates for both organisms. 

 

Conclusion  

The biodegradation efficiency of diesel oil was 

higher at 20⁰C than at 40⁰C for both isolates and the 

decrease in hydrocarbon concentration reached 

more than 85% at 20⁰C and 60% at 40⁰C after 144 

hours of incubation for Acinetobacter. 

 

Recommendations  

The results suggest the possible exploitation of these 

two strains in the future biotechnological processes. 

The organisms can be used directly for 

bioremediation in cold, tropical, and temperate 

diesel oil contaminated soil and marine 

environments.  
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